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FOREWORD 


This  report  was  compiled  to  provide  the  Naval  Research  Lab¬ 
oratory  with  oceanographic  environmental  support  data  for  Its 
upcoming  acoustical  experiment  In  the  vicinity  of  the  Gulf  of 
Maine/Georges  Bank  area  during  late  1982. 
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ABSTRACT 


PiSCrt  SW*  '* 


4-  pruv+de;'  the  Naval  Research  Laboratory  with  oceanographic 
environmental  data  to  support  an  acousMcal  experiment  in  the 
Gulf  of  Maine/Georges  Bank  region,  i-  di arcus vl marine  climatology, 
surface  waves,  water  masses,  circulation,  and  ship  traffic  densi¬ 
ty.  Using  these  environmental  data  as  guides,  -I_ c-ae ommend^ that 
the  most  satisfactory  exercise  area  would  be  north  of  Georges 
Bank,  i.e.,  in  the  Gulf  of  Maine  north  of  42°N  and  .west  of  67°W. 
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PHYSICAL  OCEANOGRAPHIC  SUMMARY 
FOR  THE  GULF  OF  MAINE/GEORGES  BANK 


I.  INTRODUCTION 


The  study  area  is  characterized  as  a  unique  oceanographic  region,  rich  in  marine 
life,  and  with  highly  variable  oceanographic  conditions.  The  waters  in  and  adjacent 
to  the  study  area  support  a  large  commercial  fishing  industry  and  serve  as  the  spawn¬ 
ing  area  for  many  species  of  marine  life. 

Based  on  topography  differences  the  proposed  site  area  (Fig.  1)  may  be  divided 
into  the  deep  basin  of  the  Gulf  of  Maine  and  the  shoal  regions  of  the  several  banks 
and  shelves  throughout  the  study  area. 

The  waters  of  the  Gulf  of  Maine  regularly  mix  and  interact  with  the  waters  of 
Georges  Bank,  and  with  the  shelf/slope  water  masses.  Due  to  the  geomorphology,  high¬ 
ly  saline  slope  waters  intrude  into  the  bottom  layers  of  central  areas  of  the  study 
region.  Relatively  low  saline  outflow  from  local  rivers  creates  a  high  static  sta¬ 
bility  in  the  near  surface  waters  throughout  most  of  the  coastal  waters  of  the 
region. 

At  depths  greater  than  about  75  meters  (m),  a  cold  intermediate  (2°C  to  8°C) 
depth  layer  is  formed  by  winter-cooled  water  overturned  and  maintained  through  the 
summer  by  the  general  absence  of  strong  vertical  mixing.  In  depths  shallower  than 
about  75  m,  well-mixed  water  occurs  throughout  the  year.  Surface  temperatures  on 
Georges  Bank  and  other  shallow  areas  tend  to  be  warmest  during  late  autumn  due  to 
vertical  mixing  (Godshall,  et  al.,  1980). 

The  study  region  lies  in  a  zone  of  prevailing  westerly  winds  that  dominate  the 
northeastern  United  States. 

Current  circulation  is  composed  of  a  clockwise  flow  in  the  Georges  Bank  region 
and  a  counterclockwise  flow  in  the  Gulf  of  Maine.  Strong  semidiurnal  tidal  currents, 
density  effects,  wind  stress,  and  other  variables  modify  the  mean  circulation  pattern 
(Butman,  et  al.,  1981). 

1 1 .  MARINE  CLIMATOLOGY 


The  Gulf  of  Maine  and  Georges  Bank  lie  in  a  zone  of  prevailing  westerly  winds 
that  are  under  the  influence  of  two  semi -permanent  pressure  centers:  the  Icelandic 
Low  and  the  Bermuda-Azores  High  which  dominate  the  area  (Bishop,  et  al.,  1981). 
During  winter,  the  Icelandic  Low  strengthens  and  the  prevailing  winds  shift  to  the 
northwest.  During  summer,  when  the  Bermuda-Azores  High  dominates,  southwesterly 
winds  generally  prevail  over  much  of  the  area.  Although  wind  speed  and  direction  are 
variable  throughout  the  year,  less  variability  occurs  during  summer.  Highest  wind 
speeds  occur  during  winter.  Figures  2  through  5  Illustrate  the  prevailing  surface 
wind  circulation  throughout  the  year. 

III.  SURFACE  WAVES 


A  seasonal  pattern  of  large  (>3  m)  waves  propagates  from  the  northwest  and  west 
during  winter,  and  significantly  smaller  waves  (<2  m)  propagate  from  the  south  and 
southwest  during  summer  (Godshall,  et  al.,  1980). 
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Figure  1.  Site  Chart  (Pawlowski,  1978). 
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Figure  4.  Summer  Mean  Wind  Vectors  in  Knots  (after  Coshali,  et  al.,  1980) 
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During  winter  the  Gulf  of  Maine  becomes  fetch  limited  in  the  west  and  northwest 
direction,  and  the  frequency  of  occurrence  of  large  waves  is  reduced  as  compared  to 
Georges  Bank  (Fig.  6). 

According  to  Bishop,  et  al.,  1981,  the  predominant  wave  heights  are  about  2.0  m 
during  winter  and  about  1.0  m  during  summer  over  most  of  the  area. 

IV.  WATER  MASSES 


The  waters  within  the  study  area  can  be  grouped  into  several  water  masses 
(Fig.  7):  Maine  Surface  Water  (MSW),  Maine  Intermediate  Water  (MIW),  Main  Bottom 
Water  (MBW),  and  Georges  Bank  Water  (GBW).  Upper  Slope  Water  (USW)  and  Lower  Slope 
Water  (LSW)  are  found  seaward  of  Georges  Bank.  The  temperature-salinity  (T-S )  rela¬ 
tionships  of  these  water  masses,  according  to  Hopkins,  et  al .  (1977),  are  indicated 
in  Figure  8.  Figure  9  locates  several  oceanographic  transects  that  have  been  occu¬ 
pied  on  a  seasonal  basis. 

In  depths  less  than  about  60-75  rn  the  water  column  is  vertically  well  mixed 
throughout  the  year  by  strong  semidiurnal  tidal  currents.  During  winter,  two  fronts 
separate  this  well-mixed  water  from  adjacent  water  masses  (Fig.  10).  On  the  southern 
end  of  Georges  Bank,  the  shelf-water/slope-water  front  intersects  the  bottom  at  about 
80  in  and  separates  cooler,  fresher  shelf  water  from  warmer,  more  saline  slope  water. 

On  the  north  side  of  Georges  Bank  a  second  weaker  and  deeper  front  separates 
Georges  Bank  water  from  Gulf  of  Maine  water.  During  summer,  a  seasonal  thermocline 
develops  over  the  Gulf  of  Maine,  the  slope  water,  and  the  water  deeper  than  60  m  on 
the  southern  flank.  A  tidal ly  mixed  front  forms  at  approximately  the  60  m  isobath 
(Fig.  11).  A  subsurface  band  of  cool  water  occurs  along  the  southern  flank  between 
the  60  m  and  100  m  isobaths,  bounded  by  the  warmer  slope  water  to  the  south,  the 
warmer,  well-mixed  Georges  Bank  water  to  the  north,  and  the  seasonal  thermocline 
above  (Butman,  et  al.,  1981).  The  location  of  the  strong  shelf-water/slope-water 
front  varies  throughout  the  year;  its  mean  seasonal  position  during  winter  and  summer 
is  indicated  in  Figure  12. 

Typical  seasonal  variations  in  temperature  and  salinity  throughout  the  area  are 
indicated  in  Figures  13  through  18. 

Throughout  most  of  the  study  area  strong  vertical  stratification,  which  inhibits 
mixing  (high  stability),  occurs  during  summer  in  the  upper  40  m  followed  by  a  rapid 
decrease  in  stability  below  about  100  m.  During  the  winter,  stability  is  low  (strong 
vertical  mixing)  in  the  upper  40  m  and  attains  a  maximum  at  about  70  m.  Below  about 
100  m  stability  decreases  rapidly  (Bishop,  et  al.,  1981). 

V.  CIRCULATION 


The  study  area  is  a  complex  physiographic  region  comprised  of  distinct  topo¬ 
graphic  regimes.  There  is  the  coastal  boundary  layer,  the  Gulf  of  Maine  basin,  the 
shel f-break/continental  slope,  and  the  shallow  topography  of  the  banks.  All  of  these 
features  affect  the  horizontal  and  vertical  diffusive  exchange  and  horizontal  advec- 
tlve  exchange  in  the  area.  During  summer,  physical  properties  are  rapidly  transferred 
horizontally  as  compared  to  vertical  transfer  times  for  the  entire  region.  During 
winter,  convective  overturning  reduces  the  time  scale  for  horizontal  exchange  on 
Georges  Bank  and  greatly  reduces  the  vertical  exchange  time  scale  in  the  Gulf  of 
Maine  (Loder,  1981). 
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Figure  7.  Water  Mass  Schematic  of  the  Gulf  of  Maine  (Hopkins  and  Garfield,  1977) 


Figure  8.  T-S  Diagram,  Gulf  of  Maine  (Hopkins  and  Garfield,  1977). 


Figure  9.  Oceanographic  Stations  (Light,  etal.,  1974). 
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Figure  10.  Typical  Late  Winter  Temperature  and  Salinity  Sections  (Butman,  et  al.,  1981) 
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Figure  11.  Typical  Summer  Temperature  and  Salinity  Sections  (Butman,  et  al.,  1981). 


STATION  »  STATION 


0«l 


smmisiHiH 


I—  IWWKI 


(tnuMHuia 


in 

h. 

at 


(A 

« 

>* 

n 

z 


(A 

c 

o 


(/) 

>* 

c 


A 


E 

E 

3 

in 


5 

a 

>» 

H 


10 


« 

s- 

3 

g» 

iZ 


16 


. .  § 

IttUMlMUM 


°ct  s  css  f  SS  2  S2II  IS  II I  MISS  2 

i|j|  miimt  HUM 


17 


Figure  17.  Typical  Autumn  Temperature  Sections  (Hayes, 
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The  dominant  area-wide  advective  process  that  affects  the  horizontal  transfer  is 
the  mean  circulation,  which  is  strongly  controlled  by  bottom  topography  and  occurs 
primarily  along  isobaths. 

The  dominant  near-surface  residual  circulation  (Fig.  19)  in  the  study  area 
consists  of  a  cyclonic  flow  in  the  Gulf  of  Maine  and  an  anticyclonic  flow  in  Georges 
Bank  (Bigelow,  1927).  Near-surface  speeds  of  approximately  5-10  centimeters  per 
second  (cm/sec)  are  typical  throughout  the  year  with  maximum  speed  attained  during 
spring  about  10-15  m  below  the  surface,  while  during  summer  and  winter  the  flow  is 
diminished.  Flows  greater  than  10  cm/sec  have  been  reported.  Butman,  et  al .  (1981) 
measured  a  northeast,  narrow,  jetlike  current  of  30  cm/sec  along  the  northern  flank 
of  Georges  Bank  (Fig.  20),  and  using  satellite  drifters  and  current  meters,  further 
concluded  that  the  circulation  around  Georges  Bank  was  not  completely  closed  and 
considerable  variability  should  be  expected. 

The  current  field  in  the  study  area  may  be  divided  into  a  seasonal  mean  flow, 
low-frequency  current  fluctuation  (associated  with  density  effects,  wind  stress, 
topographic  waves,  and  the  ocean  circulation),  diurnal  and  semidiurnal  tidal 
currents,  and  higher  frequency  current  fluctuations  associated  with  surface  and 
internal  waves. 

In  water  depths  shallower  than  about  60  m,  the  water  column  will  be  vertically 
well  mixed  throughout  the  year  due  to  the  strong  semidiurnal  tidal  currents.  On  the 
north  flank  of  Georges  Bank  tidal  currents  1  m  from  the  bottom  had  amplitudes  of  30 
cm/sec  in  60  m  of  water.  In  contrast,  the  tidal  currents  on  the  southern  flank  were 
about  20  cm/sec  in  85  m  of  water.  Figure  21  indicates  typical  mean  subsurface 
currents  throughout  the  year. 

Beardsley  and  Smith  (1981)  summarized  six  years  of  current  meter  records, 
satellite-tracked  drifters,  and  aircraft-tracked  drifters  as  follows: 

(1)  the  counterclockwise  Gulf  of  Maine  circulation  is  a  large-scale  permanent 
feature. 

(2)  the  clockwise  flow  around  Georges  Bank  also  is  a  persistent  feature  with  a 
jet-like  northeasterly  flow  along  the  northern  flank  and  a  weaker  broader 
southwesterly  flow  along  the  southern  flank. 

(3)  There  is  an  intermittent  or  partial  recirculation  around  the  shallower  core 
(less  than  60  m)  of  Georges  Bank. 

(4)  Measurements  in  Northeast  Channel  indicate  a  relatively  constant  inflow  of 
slope  water  below  100  m,  concentrated  on  the  eastern  side. 

(5)  At  the  western  end  of  the  Scotian  Shelf  (approx.  43°N,  66°W)  inflow  occurs 
into  the  Gulf  of  Maine  from  the  surface  to  mid-depth;  a  permanent  clockwise 
gyre  occurs  around  Browns  Bank. 

(6)  Subtidal  wind-driven  circulation  at  periods  from  2  to  10  days  and  offshore 
forcing  by  the  Gulf  Stream  at  periods  greater  than  10  days  modify  the 
general  circulation  pattern  at  the  shelf  break  southwest  of  Nova  Scotia. 

(7)  Frontal  analysis  off  Nova  Scotia  during  the  summer  of  1977  revealed  that 
cold  Scotian  Shelf  Water  became  entrained  around  a  warm  eddy.  As  the  eddy 


Figure  19.  Near  Surface  General  Circulation  (Bigelow,  1927). 
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Figure  20.  Mean  Near  Surface  Current  (Butman,  et  al 
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Figure  21.  Mean  Subsurface  Currents  (Butman,  et  a!.,  1981). 


Figure  22.  One- Degree  Square  Weighted  Surface  Ship  Traffic  Density. 


passed  through  the  region,  14-day  oscillations  in  the  long-shore  current 
occurred  with  peak-to-peak  amplitude  of  20  to  30  cm/sec  with  strong  hori¬ 
zontal  shears. 


(8)  Persistent  (>2  days)  strong  (>10  m/sec  westerly  winds  may  produce  trans¬ 
ient  upwelling  at  the  edge  of  the  Scotian  Shelf.  On  the  Scotian  Shelf,  on¬ 
shore  near-bottom  currents  in  excess  of  50  cm/sec  were  recorded.  The  T-S 
properties  indicated  that  the  water  had  upwelled  from  a  depth  of  500  m  on 
the  continental  slope.  Data  indicated  the  existence  of  nonlinear 
topographic  enhancement  (channeling)  of  the  onshore  flow  during  20 
occasions  in  the  fall  and  winter  months  on  the  Scotian  Shelf. 

According  to  Bumpus  (1976)  one  of  the  distinctive  features  of  Georges  Bank  is 
the  strong  (up  to  >100  cm/sec)  semidiurnal,  clockwise,  rotary  tidal  current  flow  that 
has  its  major  axis  aligned  in  a  northwest-southeast  direction.  Since  the  depth  of 
the  major  portion  of  Georges  Bank  lies  between  40  m  and  100  m,  it  provides  a  suf¬ 
ficiently  large  obstacle  to  regional  water  movement.  It  is  further  characterized  as 
a  region  of  thorough  vertical  mixing  throughout  the  year,  particularly  in  the  central 
part  of  the  bank.  This  mixed  water  provides  a  distinct  contrast  to  the  surrounding 
water  masses. 

Strong  tidal  currents  may  also  produce  changes  in  water  temperature  which  may 
affect  the  operating  characteristics  of  fixed  transducers.  In  addition  to  tempera¬ 
ture  effects,  tidal  currents  may  cause  flow-induced  vibrations  of  the  transducer  and 
its  support  (Urick,  1975). 

Revie,  et  al.  (1971)  showed  how  a  bottom-mounted  hydrophone  responded  directly 
to  pressure  and  temperature  changes  for  periods  up  to  that  of  the  semidiurnal  tide 
(12.42  hours).  Since  transducer  response  was  independent  of  flow  direction,  maxima 
variations  in  signal  strength  occurred  about  every  six  hours.  It  was  not  stated 
where  the  experiment  was  conducted. 

According  to  Urick  (1979)  changes  in  water  depth  and  changes  in  mean  streaming 
velocity  past  a  transducer,  due  to  tidal  action,  may  result  in  amplitude  and  phase 
distortion  of  an  acoustic  signal. 

VI.  SHIP  TRAFFIC  DENSITY 


Within  water  depths  in  excess  of  200  m  (deep  water),  both  near  and  distant  sur¬ 
face  shipping  traffic  is  considered  as  a  potential  source  of  ambient  noise  in  the 
decade  50  to  500  Hz.  In  shallow  waters  (depths  less  than  200  m)  distant  surface  ship 
traffic  is  usually  excluded  as  an  ambient  noise  source  (Urick,  1975). 

Although  most  of  the  study  area  has  depths  less  than  200  m,  the  region  is  con¬ 
sidered  acoustically  deep  because  of  the  presence  of  strong  internal  sound  channels 
in  the  Gulf  of  Maine  and  the  Scotian  Shelf  (Urick,  1979). 

Contours  of  one-degree  square  weighted  surface  ship  traffic  density  are  shown  in 
Figure  22.  Data  are  from  NORDA's  Historical  Temporal  Shipping  (HITS-II,  1980)  comput¬ 
er  file  as  described  by  Jacobs  (1981).  The  contours  represent  the  mean,  or  average, 
number  of  model  ships  to  be  found  at  any  given  time  in  the  area,  a  model  ship  being  a 
composite  vessel  profile  made  up  from  several  weighted  ship  profiles  that  Include 
tankers,  merchant  vessels,  and  fishing  trawlers.  The  weighted  model  ship  number  is 
used  as  an  Input  variable  to  ambient  noise  computer  models.  Highest  ship  traffic  ap¬ 
pears  to  be  concentrated  south  of  about  42.5°N  throughout  the  year. 
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VII.  SUMMARY 


The  Gulf  of  Maine/Georges  Bank  region  contains  a  highly  dynamic  oceanographic 
environment  which  supports  a  richly  productive  biological  community.  Throughout  most 
of  the  waters  of  the  area  extensive  vertical  mixing,  as  a  result  of  strong  tidal 
currents  and  wind  stress,  extends  down  to  at  least  60  m  throughout  the  year.  On  the 
crests  of  bank  areas,  such  as  Georges  Bank,  vertical  mixing  may  extend  to  deeper 
depths,  particularly  during  late  winter  (March)  when  it  may  extend  to  or  near  the 
bottom.  This  well-mixed  water  column,  which  is  in  sharp  contrast  to  the  shelf/slope 
water  imnediately  to  the  south  of  Georges  Bank,  forms  a  permanent  frontal  zone  that 
occupies  the  southern  sector  of  the  study  area  and  migrates  seasonally.  Weaker 
tidal ly  induced  fronts  may  occur  on  the  northern  flank  of  Georges  Bank  and  at  other 
locations.  On  the  northern  flank  of  Georges  Bank  strong  rotary  tidal  currents  may 
occur  throughout  the  water  column.  Transient  upwelling  in  the  vicinity  of  the 
Scotian  Shelf  and  Georges  Bank  should  be  expected  during  times  of  persistent  westerly 
winds.  During  the  winter,  Georges  Bank,  due  to  its  longer  fetch  from  the  west  and 
northwest,  experiences  somewhat  higher  wave  heights  at  all  periods. 

Using  only  these  environmental  data  as  a  guide,  the  most  satisfactory  exercise 
area  would  appear  to  be  north  of  Georges  Bank,  i.e.,  in  the  Gulf  of  Maine  north  of 
42°N  and  west  of  67°W. 
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